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SOLAR ENERGY UTILIZATION: A BIBLIOGRAPHIC GUIDE

By Robert C. Liu —

INTRODUCTION

Solar energy can be used as a major source to conserve fossil fuel now,
but this is only a limited immediate goal (10 , 13 , 18 , 25 , 29 ) .— Of global
significance, solar energy has and will continue to be important to further
cultural development of mankind (]^, ^, 5^, 6^, 8^, 24_, 28 ) . The current energy
crisis and the ever increasing demand for clean energy production emphasize
importance of solar energy (7^, 16 ) . Solar and solar-related energy sources
can contribute to meeting the prospective needs of the world and preserve the
earth from depletion of unrenewable energy resources (11 , 12 , 14 , 18 , 19 )

.

Solar energy offers the following advantages:

o It is a virtually inexhaustible and widely distributed source
of energy.

o For some applications, the cost of converting solar energy to
useful forms of energy will become competitive.

o With substantial development program, solar energy could, by the year
2020, economically provide up to (a) 35 percent of the total building
heating and cooling load; (b) 30 percent of the Nation's gaseous fuel;

(c) 10 percent of the liquid fuel; and (d) 20 percent of the electric
energy requirements (47 , 48, 62 )

.

o Solar energy is one alternative to nuclear power as a long range
energy source (17 , 27 , 38 , 41, 46) .

— Agricultural engineer. Light and Plant Growth Laboratory, Plant
Physiology Institute, Northeastern Region, ARS, USDA, Beltsville, Md. 20705.

2/— Underlined figures in parentheses refer to references at end of
publication.
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The sun is the primary source of energy powering the earth, therefore,
wise utilization of solar energy is required to power mankind's enterprise in
the future. The author believes that man can meet his problems through the
rational application of his intelligence, and that by these means he may
develop practical means of harnessing solar energy to reach his technological
and social goals (55 , 56 , 60 , 63 , 64 , 67 )

.

This bibliographic guide is intended to serve as a source of information
to those who are interested in solar energy utilization.

The bibliography is based on many sources of information. Those sources
found most helpful were The Congressional Research Service, Federal Energy
Administration, National Aeronautics and Space Administration, National Science
Foundation, National Academy of Sciences, the newly established U.S. Energy
Research and Development Administration, and the Proceedings of the United
Nations Energy Conferences. No attempt has been made to list all publications
on the subject; however, those listed should be useful to the reader in
obtaining background information on a particular area of interest.

SOLAR ENERGY AND AGRICULTURE

Solar energy effects all biological matter through the process of

photosynthesis. Thus the potential of biomass energy (1) should not be
overlooked. Solar energy has been utilized in agricultural process since the
dawn of civilization (10 ,

12 , 18 , 53 , 54 , 65) . For years farming has become
more energy 'intensive. In North American agriculture, 5 Btu's of fossil fuel
energy is needed to produce 1 Btu of food energy, as compared with the 1 Btu
of human energy required to produce 53.5 Btu of rice in China (34) . If we
are to tackle the major problems facing our nation today — energy and food —
then we must start with a reassessment of the scene in agriculture. The use
of renewable natural energy sources could contribute to the farmer being
independent in his power requirements. Improved efficiency of this utilization
and the development of new methods in agricultural processes could result from

the following:

o Investigating methods for warming the soil with solar or wind energy

in the early spring to permit earlier planting of crops.

o Investigating the mechanics, efficiency, and operation of such

practices as cold frames, hotbeds, and greenhouses to extend the

industry.

o Studying the mechanics of solar crop drying to relieve the demand

for fossil fuels, principally propane. Solar crop dryers with

storage systems might be combined with solar house heating

systems on the farm.

o Investigating the anaerobic decomposition of animal and vegetable

waste products for production of methane.
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o Investigating the pyrolysis of organic surplus material for the
production of fuels.

o Investigating the feasibility of energy plantation concept. Can

new faster growing plants be developed which would be ecologically
compatible?

o Investigating the role of windpower in meeting the farmer's power,

needs for pumping water, generating electricity, or other purposes.

o Investigating feasibility of using the methane to operate tractors and
other farm equipment.

SELECTED BIBLIOGRAPHY ON SOLAR ENERGY

With this brief background information, the bibliography is compiled to

cover solar energy technology with specific emphasis on application in farm
and agricultural operations.

Library of Congress Science Tracer Bullet Series and Related Indexes

TB 72-5 SCIENCE POLICY May 17, 1972
TB 72-18 METRIC SYSTEM October 1972
TB 73-6 OCEAN-ATMOSPHERE INTERACTION March 1973
TB 73-7 SOLAR ENERGY March 1973
TB 73-17 WIND POWER September 1973
TB 73-19 TIDAL POWER November 1973

Index of articles published in Solar Energy, 1957-1973.

Index of articles published in Applied Solar Energy (Geliotekhnika)$
1965-73.

Agricultural Engineering Index, 1907-70.

Bibliography on Solar Thermal Energy Utilization, 1957-73, with a

Quarterly Up-Date Service. Univ. of New Mexico (U.S. A), Technol.

Application Center.
Publications List. Brace Research Institute (McGlll Univ.), Miscellaneous

Report No. M. 17, July 1973. Quebec, Canada.

Legislation on Solar Energy and the Farm

The Gunter Bill, H.R. 15321, Small Business Solar Energy Development Act.

The Moss Bill, H.R. 11864, Solar Heating and Cooling Demonstration Act, 1974.

US-GPO, 32-405 0. 343 pp. (March 27, 1974)

The McGovern Bill, S. 3084, USDA - Solar Energy R/D Supplemental

Appropriation Authorization Act. (February 28, 1974)

The Humphrey Bill, S. 3234, Solar Energy R-D-D Act of 1974. (March 26, 1974)

The McCormick Bill, H.R. 15612 Solar Energy Coordination and Management
Project. (June 25, 1974)
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Maryland State Introduced Solar Incentive Bills:
HB-506, SB-520, HB-1093, HB-1532, and HB-1604 (9).

Primary Journals

Articles relevant to solar energy and related subjects are often
contained in those listed below. Library of Congress call numbers in
parentheses are indicated when available.

Alternate Sources of Energy Newsletter
Applied Solar Energy (Translation of Geliotekhnika) (TJ810.G413)
Atmospheric and Oceanic Physics (Translation of Akademiia nauk

SSSR Izvestiia. Fizika atmosfery i okeana)
Bulletin of the Atomic Scientists (TK9145.A84)
Congressional Record (J 11. R5)
Energies Magazine (Journal of Solar Energy Society of America)
Environment (UF767.533)
Journal of Fluid Mechanics (QA901.J87)
Journal of Geophysical Research (QC811.J6)
Marine Technology Society Journals (GCl.j63)
Mother Earth News (AP2.M7919)
Oceanus (GC1.035)
Popular Science (AP2.P8)
Science (Q1.S35)

Science News (Q1.S75)
Scientific American (T1.S5)
Sea Frontiers (GC/.S4)
Solar Energy (Journal of Solar Energy Science and Technology) (TJ810.56)
Sun at Work (TJ810.S9)
Water Power (TK108/1W3)

Basic Textbooks

Brinkworth, B. J.

1972. Solar energy for man. Halsted Press, Div. of John Wiley and Sons,

New York, N.Y. 251 pp. (TJ810.B75)

Charlier, R. H.

1970. Harnessing the energies of the ocean. Northeastern Illinois State

College, Dept. of Geography. Chicago, 111. 48 pp. (TC147.C57)

Daniels, F.

1964. Direct use of the sun's energy. Yale Univ. Press, New Haven, Conn.

374 pp. (TJ810.D28)

Davey , N

.

1923. Studies in tidal power. Constable and Co., Ltd., London. 255 pp.

(TC147.D3)
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Defant, A.

1961. Physical oceanography. Pergamon Press, New York, N.Y. 2 v. (GC11.D4)

Duffie, J. A. , and Beckman, W. A.

1974. Solar energy thermal processes. John Wiley and Sons, New York, N.Y.

386 pp.

Eckart, C. H.

1960. Hydrodjmamics of oceans and atmospheres. Pergamon Press, New York, N.Y.

290 pp. (QA911.E25)

Gabel, M.

1975. Energy earth and everyone: A global energy strategy for spaceship
earth. Straight Arrow Books, New York, N.Y. 160 pp.

Gillett, C. A.

1958. Can the tides be harnessed? Pvaetihi, New Zealand. 98 pp. (TC147.G52)

Golding, E. W.

1955. The generation of electricity by wind power. E. and F. N. Spon
(Spon's Electrical Series), London. 318 pp. (TK1541.G6)

Halacy, D. S.

1973. The coming age of solar energy. Harper and Row, New York, N.Y.

231 pp. (TJ810.H29)

Hamilton, R. W. , Editor
1954. Space heating with solar energy. Mass. Inst, of Technol. Press,

Cambridge, Mass.

Hidy, G.

1971. The waves: The nature of sea motion. Van Nostrand Reinhold
Co., New York, N.Y. 150pp. (GC201.H53)

Hoke, J.

1968. Solar energy. Franklin Watts, Inc., New York, N.Y. 83 pp. (TJ810.H6)

Keyes, J.

1974. Harnessing the sun to heat your house. Morgan and Morgan, Dobbs Ferry,

N.Y. 61 pp.

McCaull, J.

1973. Windmills. Environment 15:6-17. (Jan. -Feb.) (UF767.S33)

MacMillan, D. H.

1966. Tides. American Elsevier Pub. Co., New York, N.Y. 240 pp.
(GC301.M3)

Putnam, P. C.

1948. Power from the wind. Van Nostrand, New York, N.Y. 224 pp.

(TK1541.P8)
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Putnam, P. C.

1953. Energy in the

(TJ153.P8)

future. Van Nostrand, New York, N.Y. 556 pp.

Rau, H.

1964. Solar energy. Translated by Maxim Schur. Edited and revised by
D. J. Duffin, MacMillan, New York, N.Y. 171 pp. (TJ810.R313)

Reynolds, J.

1970. Windmills and watermills. Praeger, New York, N.Y. 196 pp. (TJ823.R48)

Russell, C. R.

1967. Solar energy. In his Elements of energy conversion. Pergamon Press,
Oxford, N.Y. pp. 242-271. (TJ153.R87)

Stokhuyzen, F.

1963. The Dutch windmill. Translated from the Dutch by Carry Dirkshourn.
Universe Books, New York, N.Y. 128 pp. (TJ825.S753)

Turnball, W. R.

1925. Proposed tidal hydroelectric power development of the Petitcodiac and
Memramcook Rivers. In Smithsonian Inst. Annual Rpt. 1923, pp. 523-546.
Washington, D.C.

Williams, J. R.

1974. Solar energy — technology and applications. Ann Arbor Sci. Pub.,
Inc., Ann Arbor, Mich. 120 pp.

Wolfe, A. R.

1885. The windmill as a prime mover. J. Wiley and Sons, New York, N.Y.

159 pp. (TJ825.W85)

Zarem, A. M. , and Erway, D. D.

1963. Introduction to the utilization of solar energy. McGraw-Hill, New
York, N.Y. Ill pp. (TJ810.Z3)

Other books containing materials on solar-related energy are shelfed

under Library of Congress call numbers: TC 147, GC11GC303» TJ823TJ825,
TK1541, Q121, QA911, and QC994.

State-of-the-Art Reviews and Proceedings

Catalog on Solar Energy, Heating and Cooling Products. U.S. Energy Res. and

Devlpmt. Admin. Technical Information Center, ERDA-75, P.O. Box 62,

Oak Ridge, Tenn. 37830. November 1975.

Creating Energy Choices for the Future, v. 1: The Plan; v. 2: Program

Implementation. U.S. Energy Res. and Devlpmt. Admin., ERDA-48, 1975,

U.S. Govt. Printing Office, Washington, D.C. 20402. Stock No. 0-579-905.
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Conference on the Use of Solar Energy—The Scientific Basis. Univ. of
Ariz., 1955. Trans. Tucson, Univ. of Ariz. Press. 1958. (TJ810.C6)

International Conference on the Utilization of Tidal Power, 1970. Nova
Scotia Technical College, Tidal Power Proc, T. J. Gray and 0. K. Gashus,
Editors. Plenum Press, New York, N.Y. 630 pp. 1972.

International Seminar on Solar and Aeolian Energy, Sounion, Greece, 1961.
Solar and Aeolian Energy Proc. Athens, NATO Inst, of Advanced Studies in
Solar and Aeolian Energy; distributed by Plenim Press, New York, N.Y.

491 pp. 1964. (TJ810.15)

International S3rmposium on Tsunamis and Tsunami Research. Univ. of Hawaii,
1969. Tsunamis in the Pacific Ocean Proc, Honolulu, East-West Center
Press. 513 pp. 1970. (GC222.P315)

Joint Panel on Air-Sea Interaction. National Academy of Science-National
Research Council, Washington, D.C. NRC Publication 983, 43 pp., 1962.
(QC880.N35)

National Plan for Solar Heating and Cooling. U.S. Energy Res. and Devlpmt.
Admin., ERDA-23, 119 pp., March 1975. U.S. Govt. Printing Office,
Washington, D.C. 20402.

National Program for Solar Heating and Cooling. U.S. Energy Res. and Devlpmt.
Admin., ERDA-23A, 82 pp., October 1975. U.S. Govt. Printing Office,
Washington, D.C. 20402.

National Science Foundation Terrestrial Solar Energy Program. NSF Research
Applications Directorate, October 1972.

National Solar Energy R-D-D Program Definition Report. U.S. Energy Res. and
Devlpmt. Admin., ERDA-49, [76] pp., June 1975. U.S. Govt. Printing Office,

Washington, D.C. 20402.

New Sources of Energy and Economic Development; Solar Energy, Wind Energy,

Tidal Energy, Geothermic Energy, and Thermal Energy of the Seas. U.N.

Department of Economic and Social Affairs, 150 pp., U.N. Document E/2997,

ST/ECA/47. 1957.

Prinsenmolen-Committee, 1958. Research inspired by the Dutch windmills; an

account of an extensive program of research and development initiated and

organized by the 'Prinsenmolen* Comm., Wageningen, H. Veenman, 184 pp.

1958. (TJ825.P77)

Proceedings of the 4th International Society Energy Conversion Engineering

Conference, Washington, D.C, 1969. N.Y. American Inst, of Chemical

Engineers, 1969. (TK2896.I55)

Proceedings of the Solar Heating and Cooling for Buildings Workshop,

Washington, D.C, March 1973, PB223-536, NTIS, USDC, 207 pp., July 1973.
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Proceedings of the Workshop on Solar Collectors for Heating and Cooling of
Buildings, New York City, Nov. 21-23, 1974. Univ. of Md., May 1975.
NSF/RANN Grant No. AER 74-24639.

Proceedings of World Sjnnposium on Applied Solar, Phoenix, Ariz., Nov. 1-5,
1955, Stanford Research Inst., Menlo Park, Calif., 304 pp. 1956.

Solar Directory edited by Carolyn Pesko. Ann Arbor Science Publishers, Inc.,
1975.

Solar Energy: I, v. 4 (E/CONF 35/5); II, v. 5 (E/CONF 35/6); III, v. 6

(E/CONF 35/7); Wind Power, v. 7 (E/CONF 35/8). U.N. Conference on New
Sources of Energy, Proceedings, Rome, 1961. UN Pub. 1964.

Solar Energy, A Bibliography. U.S. Atomic Energy Commission, TID-3351,
218 pp., December 1974.

Solar Energy as a National Energy Resource. NSF/NASA Solar Energy Panel,
Univ. of Md., 85 pp., December 1972.

Solar Energy Program. U.S. Energy Res. and Devlpmt. Admin., ERDA-15, 15 pp.,
March 1975. U.S. Govt. Printing Office, Washington, D.C. 20402.

Solar Energy Task Force Report—Project Independence. U.S. Federal Energy
Administration. November 1974. 7 sections, 4 appendices, [400] pp.
GPO Stock No. 4118-00012.

Solar Heated Buildings: A Brief Survey by William A. Shurcliff, 19 Appleton
St., Cambridge, Mass. 02138, 8th Ed., March 1975. (Lists and describes 119
buildings up-to-date.)

Space for Mankind's Benefit. The Proceedings of a Space Congress held
Nov. 15-19, 1971, at Huntsville, Ala. U.S. National Aeronautics and
Space Admin., Scientific and Technical Information Office, Washington,
D.C, 479 pp., 1972. (NASA SP-313) GPO: 1972-0-476-401

Wind and Solar Energy; Proceedings of the New Delhi Symposium, Paris, 1956.

U.N. Educational, Scientific and Cultural Organization. 238 pp.

Workshop Proceedings, Solar Cooling for Buildings, February 6-8, 1974,

Los Angeles, Calif. 231 pp. 1974. (NSF-RA-N-74-063) . GPO Stock
No. 3800-00189.

Selected Representative Journal Articles on Solar and Related Energy

General Overview

Anonjnnous.

1961. Solar and wind energy. Research, pp. 82-87, (March).
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Anonymous

.

[N.D.] Solar power market. Report No. 348, Frost and Sullivan, Inc.,
106 Fulton St., New York City, N.Y. 10038.

1973. The sun breaks through as an energy source. Business Week p. 68,
(May 19).

Arifov, U. A.

1967. Solar engineering and technical progress. Applied Solar
Energy 3 (5): 1-2.

and Kulagin, A. I.

1968. Some aspects of solar power engineering in the USSR. Applied
Solar Energy 4 (3): 3-8.

Barthelemy, R. F. , and Cooper, R. F.

1972. Power and energy for posterity. In Space for Mankind's Benefit.
NASA-SP-313, pp. 355-359, Sci. and Tech. Inform. Office, NASA,
Washington, D.C.

Farber, E. A.

1972. Solar energy: Its conversion and utilization. In Space for Mankind's
Benefit. NASA SP-313, pp. 369-388, Sci. and Tech. Inform. Office,
NASA, Washington, D.C.

Furnas, C. C.

1957. The uses of solar energy. Solar Energy 1 (2-3): 68-74.

Glazer, P. F.

1969. Beyond nuclear power—the large-scale use of solar energy. N.Y. Acad.

Sci. Trans. 31 (8): 951-57.

Hay, H. R.

1973. Energy, technology and solarchitecture. Mech. Engin. 95 (11): 18-22

(Nov.)

.

International Solar Energy Society Survey of Research.
1957. World research activities on applied solar energy. Solar

Energy 1 (1): 53-59.

1965. Applications of solar energy to agriculture, horticulture, animal

husbandry, and forest products. Solar Energy 9 (2): 87-94.

Meinel, A. B., and Meinel, M. P.

1971. Is it time for a new look at solar energy? Bulletin of the Atomic

Scientists 27 (8): 32-37.

1972. Physics looks at solar energy. Physics Today, pp. 44-56, (Feb.).
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Mercieca, C.

1971. Space exploration and world peace. In Space for Mankind's Benefit,
NASA-SP-313, pp. 449-452.

Morse, F. H.

1973. Solar energy: Fuel for the future. Grad. School Chron., Univ. of
Md., pp. 4-9, (March).

Pelletier, R. J.

1959. Solar energy: Present and foreseeable uses.
Agr. Engin. 40 (3): 142-144, 151.

San Martin, R. L.

1974. The solar energy resource. Energy Symposium, Univ. of Texas, El Paso,
Tex. (March)

.

Shafeeva, K. A.

1970. Solar technology in the XV-XVII centuries. Applied Solar Energy
6 (3): 48-50.

1970. Major lines of development of solar engineering in the 18th and 19th
centuries. Applied Solar Energy 6 (6): 100.

Szego, G. C., and Kemp, C. C.

1973. Energy forests and fuel plantations. Chemtech (Chemical Technology),
10 pp., (May). (The Innovator's Magazine)

Trinklein, F. E.

1974. Solar energy: An unlimited source of power is just beginning to be
tapped. The American Way, pp. 12-16, (Feb.).

Veinberg, V. B.

1967. The history of soviet solar engineering. Applied Solar Energy
3 (5): 3-13.

Watson-Munro , C. N.

1973. A new look at solar radiation as an energy source.

Search 4 (4): 100-103.

Yellott, J. I.

1973. Solar energy in the seventies. The Bent of Tau Beta Pi (Spring),

pp. 4-9.

Solar Measurements

American Society of Heating, Refrigerating and Air-Conditioning Engineers.

1974. Solar energy utilization for heating and cooling. Application

Handbook, Chapter 59, pp. 1-19.

Beck, C. F., and Boyd, J. S.

1961. Availability of solar energy. Agr. Engin. 42 (6): 302-5.
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Harrison, L. C.

1960. Sun, earth, time and man. Rand McNally and Co., Chicago, 111.

Kuvshinov, Y. Y., and Malyavina, E. G.

1973. Method for determining daily total heat from direct solar radiation
entering structure. Applied Solar Energy 9 (4): 113-16.

Lof, G. 0. G., Duffie, J. A., and Smith, C. 0.

1966. World distribution of solar radiation. Univ. of Wis. Engin. Expt.
Sta., Rpt. No. 21, 59 pp. illus., (July).

Thekaekara, M. P.

1973. Solar energy outside the earth's atmosphere. Solar Energy 14 (2):
123-124 (Jan.).

Thomason, M.

1972. Sundials. The Physics Teacher, pp. 117-121.

U.S. Government Printing Office.
1971. The American ephemeris and nautical almanac for the year 1971. 520

Visher, S. S.

1954. Climatic atlas of the United States. Harvard Univ. Press,
Cambridge, Mass., 403 pp.

Solar House—Heating and Cooling

Bartlett, H. D.

1964. Utilization of solar heat possible in windowless poultry housing.
Pa. Agr. Expt. Sta. Science for the Farmer 11 (3): 14. (Winter.)

Boyd, J. S., and Hoefer, J. A.

1956. Solar housing for swine. Mich. Agr. Expt. Sta. Quart. Bui. 39 (2):

360-365.

Bressler, G. 0. , and Walton, H. V.

1956. The Penn State solar poultry house. Pa. Agr. Expt. Sta. Prog.

Rpt. 162, 8 pp.

Carlson, E. , Jr

.

1971. "Sunshine," the Mother Earth News, pp. 19-23 (May).

Cramer, R. D. , and Neubauer, L. W.

1959. Summer heat control for small homes. Amer. Soc. Agr. Engin. Trans.

2 (1): 102.

Duffie, J. A., and Beckman, W. A.

1976. Solar heating and cooling. Science 191 (4223): 143-149.
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Gilmore, C. P.

1974. Can sunshine heat (and cool) your house? Pop. Scl., pp. 78-81; 160
(March)

.

Gravel, Senator Mike.
1971. Solar homes. Cong. Rec. 117 (194) (Dec. 11).

1972. Solar shingles and crops of clean energy. Cong. Rec. 118 (106):
E. 6549-52, (June 28).
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1974. Sun helps heat farrowing house. Crops and Soils 26 (8): 11-13.

Kapur, J. C.

1960. A report on the utilization of solar energy for refrigeration and
air-conditioning applications. Solar Energy 4 (1): 39-47.

Lof, G. 0. G. , and Ward, D. S.

1973. Solar heating and cooling: Untapped energy put to use. Civil
Engin. 43 (9): 88-92 (Sept.).

Lukomskii, S. M.

1969. Thermoelectric semiconductor heat pumps. Applied Solar
Energy 5 (5): 47-50.

McDow, J. J., and Boyd, J. S.
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3 (2): 102-104.
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Energy 8 (1): 12.
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Refrig. Engin., pp. 33-7; 64-6 (Nov.).
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SELECTED GRAPHS AND TABULAR MATTER

The following presents a selected graph and tabular matter from
publications by the National Science Foundation/NASA Solar Energy Panel
(48 ) and the U.S. Federal Energy Administration (62)

;

o Availability of solar energy vs. land area (48)

.

o Summary of potential impacts of solar energy technologies ( 62 )

.

o Comparative costs of space heating (48 )

.

o Average solar insolation and degree days by census region ( 62 )

.
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AVAILABILITY OF SOLAR ENERGY VS. LAND AREA

PROJECTED ENERGY REQUIRED TO PRODUCE U.S. ELECTRICAL POWER

1970 1977 1985 2000 2020 YEAR

1970 1977 1985 2000 2020 YEAR

PROJECTED TOTAL U.S. ENERGY CONSUMPTION ANNUALLY

Source: National Science Foundation/NASA Solar Energy Panel (48 , p. 24 ).
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SUMMARY OF POTENTIAL IMPACTS OF SOLAR ENERGY TECHNOLOGIES -

[Units of 10 Btu/year of output energy provided by solar energy systems]

1980 1985 1990 1995 2000

Heating and' cooling 0.3 0.6 1.5 2.4 3.5

(0.01) (0.3) (0.6) (1.3) (2.3)

Solar thermal .0 0.002 0.02 0.2 1.3
(.0) (0.002) (0.02) (0.1) (0.6)

Wind conversion 0.01 0.5 2.0 3.4 5

(0.008) (0.4) (1.6) (2.7) (4.0)

Bioconversion 0.06 0.3 0.9 3.3 15

(0.06) (0.1) (0.2) (0.4) (0.7)

Ocean thermal 0 0.03 0.2 1.0 7

(0) (0.03) (0.1) (0.4) (1.7)

Photovoltaic conversion Neg. 0.01 0.3 2.4 7

2/
Total U.S. demand —

(Neg.) (0.003) (0.07) (0.3) (1.5)

93 120 144 165 180

— Assiimptions include: (1) The successful completion of the recommended
Research and Development program plan for solar energy technologies and (2)

conventional fuel prices equivalent to $11 per barrel of oil. (One barrel =

5.8 X 10^ Btu.)

Numbers shown without parentheses are for the accelerated implementation
plan; those in parentheses are for the business-as-usual implementation plan.

2/— Estimates based on pre-embargo analyses. See "The Nation's Energy
Future," Atomic Energy Commission, December 1, 1973.

Source: U.S. Federal Energy Administration ( 62 , Table I-l , p. 1-7 ).
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COMPARATIVE COSTS OF SPACE HEATING-

Energy Source
6

$/10 Btu

Electric 2.30 - 5.30
Gas 0.80 - 3.00
Oil 1.50 - 2.40
Solar 1.50 - 4.50

Source: From NSF/NASA Solar Energy Panel (48, p. 17, graph) •

AVERAGE SOLAR INSOLATION AND DEGREE DAYS BY CENSUS REGION

Solar Insolation, WH/ft
0 1 /

/day

Average
Region Annual Maximum Minimum degree days

New England 346 540 130 6,500
Middle Atlantic 346 551 140 6,000
East North Central 356 572 151 7,000
West North Central 389 659 194 6,000
South Atlantic 442 572 248 4,000
East South Central 421 572 205 4,200
West South Central 464 659 281 1,800
Mountain 464 702 238 6,000
Pacific 421 702 162 2,400

1 m = 3.413 Btu.

Source: U.S. Federal Energy Administration ( 62 , p. A-I-9 )

.
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DEFINITIONS

[Definitions taken from U.S. Federal Energy Administration
publication ( 62 , p. A-I-1-2) .

]

Solar energy is the power obtained from solar radiation through the
use of collectors, solar cell, and bioconvertors.

Solar radiation is the total electromagnetic radiation emitted by the
sun.

Peak power is the power output of a solar energy system on a clear day
due to direct peak solar radiation at normal incidence. Peak solar radiation
is normally assumed to be 1,000 watts per square meter, or 93 watts per square
foot.

Rated solar power for direct solar systems is the power output integrated
over time (for the direct radiation) divided by the time (i.e. area under the

curve divided by the normal time of operation during a day)

.

Average power is the power integrated over time divided by 24 hours,
that is, 1 complete day).

Ratio of peak power to average power overall is estimated to be about
5 to 1. For the Southwest this ratio is approximately 4 to 1.

Degree-day equals daily mean temperature - 65° F.

t + t .

'1 ^ ^ max mm .Daxly mean temperature = 2

Btu required is the heat rate of building (Btu/hourdegree) x 24 hrs/day
X degree days, or the heat supplied by the heating system to maintain the
desired inside temperature.

Heat rate of building is the hourly building heat loss divided by the
difference between inside and outside design temperatures.

Wind energy is a secondary form of solar energy in that wind results from

the heating of the earth's surface by the sun. Exploitable wind energy

averaging more than 12 mph is available in such areas as the Great Plains and

the Northeastern coast.

Rated wind power is the constant output power obtained any time the wind

velocity is at or above a defined design rated wind velocity and below a storm

emergency shutdown velocity.

Output power varies between zero at the cut-in wind velocity to rated

power at rated wind velocity.

Equivalent duration in hours is the total yearly energy output divided by

the rated power. When divided by 8,760 hours per year, it reflects the
equivalent of a load factor.
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BASIC SOLAR ENERGY INFORMATION

Total solar flux incident outside the atmosphere of the earth is
12 18

178 X 10 kW, continuous for the whole globe, or 1.5 x 10 kWh/year

(i.e. 5.12 x lO^-"- Btu/year).

The average solar energy available at the bottom of the atmosphere

on the land areas of the earth is 2.16 x lO'''^ kWh/year (i.e. 7.37 x 10

Btu/year)

.

Source: U.S. Federal Energy Administration ( 62 , p. A-I-6 )

.

[bbl = 42 gal. barrel; (U-235 fission with 192 MeV per fission).]

ENERGY EQUIVALENTS

Natural gas (liquid)

Coal (average)

Natural gas (dry)

Fissionable material

One 42-gal barrel of oil

Crude oil 5.8 X 10 Btu/bbl

1,035 Btu/scf [standard cubic feet]

4.1 X 10^ Btu/bbl

25 X 10^ Btu/ton

74 X 10 Btu/g

5.8 X 10^ Btu
3

5.6 X 10 scf (methane)

1.70 MWh

1 million bbl/day

0.232 ton coal
9

6.119 X 10 joules

2.1 X 10''"^ Btu/year

0.365 billion bbl/year

Source: U.S. Federal Energy Administration ( 62 , p. A-1-19 )

.
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CONVERSION FACTORS

To Convert

—

acres

acres

angstroms

British thermal unit (Btu)

Btu

Btu

Btu

Btu/sq ft

calories

calories

calories/minute (cal/min)

centimeters (cm)

feet (ft)

foot-pounds

foot-pounds

foot-pounds

gallons (gal)

grams

GGj

Gigawatts (GW)

horsepower (hp)

joules

Kcal/minute

Into—

square feet

square meter

meters

calories

joules

kWh

megawatt-years

Langley^
(cal/cm )

foot-pounds

joules

watts

inches

meters

joules

kilogram-meters

kWh

liters

pounds

Btu

watts

kilowatts

Watt-hours

kilowatts

Multiply By—

43,560

4,047

1 X lO'

252

1,055

«-10

2.93 X 10

3.34 X 10

0.271

3.09

4.18

0.0698

0.394

0.305

1.36

0.138

3.77 X 10

3.79

0.00220

0.95 X 10'

9
1 X 10

0.745

2.78 X 10

0.0698

-4

-11

-7

15

-4
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To Convert

—

Into

—

Multiply by

—

kilowatts (kW) horsepower 1.34

Langleys/min watts/sq cm 0.0698

Megawatt-hours (MWh) Btu 3.41 X 10^

Microns meters 1 X 10"^

miles meters 1,609

square centimeters (sq cm) sq ft 0.00108

sq cm sq in 0.155

square feet (sq ft) sq in 144

sq ft sq m 0.0929

sq m sq mi 3.86 X lO"^

square miles (sq mi) acres 640

sq mi sq ft 2.79 X lO''

tons (short) Kg 907

tons (short) lb 2,000

tons (metric) tons (short) 1.1025

watt-hour (Wh) joules 3,600

"Fahrenheit "Centigrade Subtract 32

and multiply
by 0.555

"Centigrade "Fahrenheit Multiply by 1.8
and add 32.

cal per sq cm-sec-°C Btu per sq ft-hr-°F 7,380

Btu per sq ft-hr-°F cal per sq cm-sec-"C 1.35 X 10~^
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GLOSSARY OF TERMS

kWg kilowatt electric

kW^, kWj.^ kilowatt thermal

MBtu Million Btu

-3
Mill 0.1 cents or 10 dollars

diffuse radiation solar radiation which is scattered by the
atmosphere

insolation solar radiation received over a given area

18 25
GGj giga giga joule, 10 joule, 10 erg

spandrel a secondary structural member that fills the
space between windows on different floor levels

desiccant a substance which absorbs moisture

BCF bioconversion to fuels

OTEC ocean thermal energy conversion

PEPS photovoltaic electric power system

POCE proof of concept experiment

STC solar thermal conversion

WECS wind energy conversion system

Source: U.S. Federal Energy Administration ( 62 , p . A-I-20-22 )

.

27



REFERENCES

(1) Alich, J. A. , and Inman, R. E.

1974. Effective utilization of solar energy to produce clean fuel.
Stanford Res. Institute, SRI Project 2643, NSF Grant 38723.
June Final Report. 161 pp.

(2) Allegretto, M.

1974. Power from the sun: A new look at an old idea.
Environmental Jour., pp. 13-15, (Jan.).

(3) Arifov, U. A.

1967. Solar engineering and technical progress. Applied Solar
Energy 3 (5): 1-2.

(4) Baibutaev, K. B., and Yakubov, Y. N.

1970. Dependence of stored energy on the type and size of a solar
hothouse. Applied Solar Energy 6 (4): 56-59.

(5) Barthelemy, R. F. , and Cooper, R. F.

1972. Power and energy for posterity. In Space for Mankind's Benefit.
Proc. of a Space Congress held Nov. 15-19, 1971. NASA-SP-313,

pp. 355-359.

(6) Baum, B. A.

1955. Prospects for the application of solar energy and some research
results in the USSR. World Symposium on Applied Solar Energy,
Proc, pp. 289-298.

(7) Braun, J.

1974. Can a nuclear plant be a good neighbor? In Parade,

Washington Post, pp. 4, 6, (Jan. 20).

(8) Brinkworth, B. J.

1973. Solar energy for man. John Wiley and Sons, New York, N.Y.

249 pp.

(9) Butt, S.

1976. Solar Energy Industries Association—an active proponent for

its members. Solar Engin. 1 (3): 5, (April).

(10) Games, A.

1932. Heating water by solar energy. Agr. Engin. 13 (6): 156-159.

(11) Cuomo, J. J., Ziegler, J. F., and Woodall, J. M.

1974. A new concept for solar energy thermal conversion.
IBM Research, RC4974, 9 pp., (Aug. 6).

(12) Daniels, F.

1964. Direct use of the sun's energy. Yale Univ. Press, 374 pp.

28



(13) DeBinder, T. C.

1974. Proposal for the thermal analysis of energy conserving greenhouse
design. Arthur D. Little, Inc., Acorn Park, Cambridge, Mass.

(14) Duffie, J. A., and Beckman, W. A.

1974. Solar energy thermal processes. John Wiley and Sons, New York,
N.Y. 386 pp.

(15) Edmondson, W. B.

1973. The department of solar energy conversion. Solar Energy Digest,
P.O. Box 17776, San Diego, Calif. 92117, (Periodic Reports) (Dec.)

(16) Farney, D.

1974. The awesome problem of nuclear wastes. In Reader's Digest,

pp. 83-87, (Aug. 1974). Condensed from Smithsonian, April 1974.

(17) Fuller, R. B.

1963. Inventory of world resources, human trends and needs. Southern
111. Univ., Carbondale, 111. Document 1. 81 pp.

(18) Gabel, Medard
1975. Energy earth and everyone: A global energy strategy for

spaceship earth. Straight Arrow Books, New York, N.Y. 160 pp.

(19) Gaucher, L. P.

1965. Energy sources of the future for the United States.
Solar Energy 9 (3): 119-126.

(20) Glazer, P. E.

1968. Power from the sun: Its future. Science 162 (3856): 857-861.

(Nov. 22, 1968)

(21)

1969. Beyond nuclear power—the large-scale use of solar energy.
N.Y. Acad. Sci. Trans., Ser. 2, 31 (8): 951-967.

(22) Glikman, M. T.

1968. A method of determining the relative illuminance for various
types of greenhouses. Applied Solar Energy 4 (6): 87-93.

(23) Gregory, D. P.

1973. The hydrogen economy. Sci. Amer. 228 (1): 13-21.

(24) Halacy, D. S. , Jr.

1973. The coming age of solar energy. Revised Ed., Harper and

Row. 231 pp.

(25) Hamilton, H. E., Duncan, G. A., and Loewer, R. 0. J.

1973. The energy shortage and agriculture. Univ. of Ky. Agr.

Engin. Dept. [10] pp.

(26) Hammond, A. L.

1972. Solar energy: The largest resource. Science 177 (4054): 1088-90.

29



(27) Hammond, A. L.

1974. Solar power promising new developments. Science 184 (4144):
1359-1360.

(28) Horigome, T. , Sawata, S., and Tani, T.

1973. Terrestrial solar energy power system. Electrotech. Lab.
Bui. 37 (7): 42-49.

(29) Hottel, H. C.

1955. Residential uses of solar energy. Proc. World Symposium on
Applied Solar Energy, pp. 103-112.

(30) Hubbard, E.

1972. The path to glory untold. In Space for Mankind's Benefit.
Proc. of a Space Congress held Nov. 15-19, 1971. NASA
SP-313, pp. 77-80.

(31) Kant, K.

1973. Design of flat plate solar energy collector. Project for
McGill Univ., Dept. of Chem. Engin. , Brace Res. Inst.,

Quebec, Canada.

(32) Kernan, M.

1973. The energy crisis is obsolete. The Washington Post, [D-1-2],
col. 1, Sunday, Dec. 30.

(33) Koltun, M. M.

1971. Selective surfaces and coatings for solar technology. Applied
Solar Energy 7 (5): 48-51.

(34) Lawand, T. A.

1974. Statement made to U.S. Senate Committee on Interior and Insular
Affairs on a national fuel and energy policy, consideration
of Bill S3234, to promote the development and commercial
viability of solar energy. Senate Resolution 45. 23 pp.
(June 27, 1974, 10:00 hours.)

(35) ,
Malik, M. A. S., Alward, R. , and Hopley, P.

1973. An investigation of the contribution of solar energy in heating
greenhouses in Quebec. Amer. Soc. Mech. Engin. Paper No.

72-WA/Sol-l. J. Engin. Power 95 (2): 114-118.

(36) Lidorenko, N. S.

1969. State-of-the-art in direct conversion of solar energy in

electricity. Applied Solar Energy 5 (6): 33-36.

(37) Liu, R. C.

1975. Communication with D. L. Satchwell, President of Solar Energy

Soc. of Amer.

30



(38) McCormack, Mike.

1974. McCormack deplores pro-solar anti-nuclear 'fanaticism,' calls
for energy policy. Solar Energy Washington Letter, Solar Energy
Industries Assoc., p. 1, (Dec. 2, 1974).

(39) Massachusetts Institute of Technology.
1950. Symposium on space heating with solar energy. Mass. Inst, of

Technol. Press, Cambridge, Mass., 304 pp , (Aug. 21-25).

(40) Mead, M.

1973. A crisis, a challenge. The Washington Post, [D-1], Sunday,

Dec. 30.

(41) Meinel, A. B. , and Meinel, M. P.

1972. Physics looks at solar energy. Physics Today, pp. 44-50, (Feb.).

(42) Moore, J. G.

1974. Solar energy background information. Cong. Res. Serv.,
Library of Congress. Prepared for Congressional Conference,
"Energy and the Government: Solar Energy," June 10, 1974. 3 pp.

(43) Morrow, W. E. , Jr.

1973. Solar energy utilization. Manuscript prepared for Federal
Power Commission. National Power Survey by Lincoln Lab., Mass.
Inst, of Technol., Lexington, Mass., 37 pp., June 18, 1973.

(44) Munn, B. W.

1974. Act collectively, Waldheim urges U.N. energy session. The
Washington Post, [A-12], April 10.

(45) National Academy of Sciences.
1972. Solar energy in developing countries: Perspectives and

prospects. A report from Office of Foreign Secretary to the
NAS Board, Washington, D.C., 49 pp., (March).

(46) National Aeronautics and Space Administration.
1972. Space for mankind's benefit: The proceedings of a Space

Congress, Nov. 15-19, 1971, at Huntsville, Ala., 479 pp.,
(NASA SP-313, GPO:1972 0-476-401).

(47) National Science Foundation.
1972. NSF terrestrial solar energy program. NSF Research

Applications Directorate, (Oct. 20). 39 pp.

(48) National Science Foundation/NASA Solar Energy Panel.

1972. Solar energy as a national energy resource. Univ. Md.,

Mech. Engin. Dept., 85 pp., (Dec).

(49) Noreika, J. A.

1971. A design approach for application of a solar energy

heating system of a geodesic structure. Southern 111.

Univ., Dept. of Design, Carbondale, 111., 62 pp.,

(Jan. 30, 1971) (manuscript).

31



(50) Oort, A. H.

1970. The energy cycle of the earth. Sci. Amer. 223 (9): 54-63.

(51) Pelletier, R. J.

1959. Solar energy: Present and foreseeable uses.
Agr. Engin. 40 (3): 142-144, 151.

(52) Reynhart, A. F. A.

1959. Mankind, civilization, and prosperity. Solar Energy 3 (2): 23-29.

(53) Rose, D. J.

1974. Energy policy in the United States. Sci. Amer. 230 (1): 20-29.

(54) Selcuk, M. K.

1975. Solar stills for agricultural purposes. Solar Energy 17 (2):

103-109.

(55) Shafeeva, K. A.

1970. Solar technology in the XV-XVII centuries. (Institute of
Electronics, AS UzSSR) . Applied Solar Energy 6 (3): 48-50.

(56)

1970. Major lines of development of solar energy in the 18th and 19th
centuries. Applied Solar Energy 6 (6): 100-105.

(57) Solar Energy Industries Association.
1975. Testimony of Sheldon H. Butt to the Energy Resources Council,

Dec. 10, 1974, 4 pp., and to Solar Energy and Project of
Independence, Oct. 10, 1974, 5 pp. SEIA Memorandum (Jan. 23).

(58) Thekaekara, M. P.

1973. Solar energy outside the earth's atmosphere. Solar Energy
14 (2): 109-127.

(59) Udall, S. L.

1974. End of an era. In The Washington Post, Sunday Outlook,
[Bl, B5], (Jan. 13).

(60) Umarov, G. Y. and others.
1971. Experimental determination of the amount of stored energy as a

function of the type and disposition of the storing medium in

solar houses. Applied Solar Energy 7 (6): 90-93.

(61) University of Wisconsin.
1953. S3nnposium on utilization of solar energy. Univ. of Wis. Press,

Madison, Wis. [300] pp., (Sept. 12-14).

(62) U.S. Federal Energy Administration.
1974. Solar energy task force—Project Independence. U.S. Federal

Energy Administration, November 1974. 7 sections, 4 appendices,

[400] pp. GPO Stock No. 4118-00012.

32



(63) U.S. House of Representatives, Staff Report.
1972. Solar energy research, a multidisciplinary approach. U.S. House

of Representatives, 92d Congress. 119 pp. (Dec.)

(64) U.S. House of Representatives, Subcommittee on Energy.
1973. Hearings on: Solar energy for heating and cooling and solar

energy for the terrestrial generation of electricity. U.S. House
of Representatives, 93d Congress, 291 pp. (June 5, 7, and 12.)

(65) Ward, B.

1974. Habitat 2000. The 1974 B. Y. Morrison Memorial Lecture,
U.S. Dept. Agr., Agr. Res. Serv, Unnumb. Pub. 25 pp.

(66) Ward, G. T.

1961. Determination of sun's position. Brace Res. Inst., McGill Univ.,
Tech. Rpt. No. T-34, Quebec, Canada. 58 pp. (July.)

(67) Watson, T.

[N.D.] The greenhouse as an efficient flat plat collector. Foundation
for Rural Technology, Box 8, Embudo, N.M. 87531.

(68) Weaver, K. F., and Kristof, E.

1972. The research for tomorrow's power. Natl. Geog. 142 (5): 650-681.

(69) Weinstein, A., and Chen, C. S.

1974. Feasibility of solar heating and cooling of buildings.
Prof. Engin. 44 (2): 28-32. (Feb.)

(70) Woodwell, G. M.

1970. The energy cycle of the biosphere. Sci. Amer. 223 (9): 64-74.

(71) Yellott, J. I.

1973. Solar energy in the seventies. The Bent of Tau Beta Pi,

pp. 4-9, (spring).

33

GPO 90 3-9 97







U. S. DEPARTMENT OF AGRICULTURE
AGRICUUTURAL RESEARCH SERVICE

NORTHEASTERN REGION
AGRICULTURAL RESEARCH CENTER WEST

BELTSVILLE, MAh .'LAND 2070S

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE,

POSTAGE AND FEES PAID
U. S. DEPARTMENT OF

AGRICULTURE
AGR 101


